Abstract-Landslide danger of early warning is to avoid a major means of state personnel and economic losses. In this paper, in order to effectively predict Baishuihe landslide danger instability, combine with the specific engineering practice, the first application of grey theory of landslide displacement data processing, get the forecast data, and calculate the data of landslide displacement and landslide prediction residual value of the data, according to the theory of system engineering science and nonlinear science greycusp mutation theory, the landslide prediction and residual value is used to detect the mutation respectively, earning their forecasts, to amend the residual prediction data for landslide time value of the mutation happened. By comparing with the test data of Baishuihe landslide . By comparing with the test data of Baishuihe landslide, the residual prediction correction forecast results than those not worth to more accurately predict time shows that the model can be more effective to predict landslide displacement mutation time.
I. INTRODUCTION
For the traditional landslide time prediction, most of them adopt statistical prediction model, such as Saito model. These models have the follo wing limitations: (1) can only describe the continuous changes of the state; (2) it is a group of qualitative, unique, small disturbance can be ignored; (3) the physical meaning is not so clear.
Landslide is a kind of non-continuous mutation phenomenon. The stability of landslide will be changed with the change of control variables, and the critical phenomena occur. Mutation theory [1] is a powerful tool to study the behavior. In view of this, a new theory of non-continuous mutation phenomenon -the mutation theory is used, by analyzing the landslide precursory deformation data, a cusp mutation model [2] is established. On this basis, the grey theory and mutation theory [3] can be integrated, using grey -mutation theory landslide displacement prediction method to predict the time of occurrence of mutations. This paper also introduces the prediction residual correction at the same time, by calculating the residual values of landslide displacement data and landslide forecast data, landslide prediction value and residual values are mutation detection, each receive data prediction and the residual prediction data for correction of landslide mutations occurred at a time value. This method cannot only correctly describe the nonlinear characteristics of the process of the landslide instability, but also can develop new ideas of instability prediction.
II. CUSP MUT AT ION MODEL
Using the least square method, the form of the single variable function is exp ressed as a power series form. That is:
(1) x is considered as time, y is regarded as corresponding to the displacement ,⋯ , ⋯,is a constant to be determined. Through the certain trend of regular sequences are analyzed, and find general intercepted four items, the required precision is high enough, and intercept to the four items (1) can be represented as:
(2) Type of variable substitution, the standard form into the cusp mutation, shilling (3) Type, (3) into (2) available: Among them: Through the (4) is a variable substitution, turning it into standard form of cusp mutation, to:
Here, only for analysis, the (6) into (4) are: (7) As shear, meaningless is in mutation analysis on it. a, b are:
International Conference on Logistics Engineering, Management and Computer Science (LEMCS 2015) (7) For z is state variables, namely to a, b is control variables of the cusp mutation model. In addition to the standard form of cusp mutation, it is important to find out the important parameters of the system state change, while ignoring the secondary variables. By the theory of mutation, the equilibrium surface equation is:
Bifurcation set equation is: Only in the control variables, the system is unstable, and the system can be changed from one equilibriu m state to another.
The bifurcation set is a half cubic parabola (Fig. 1) , the point (0, 0) is a point. Control variable plane by bifurcation set is divided into two intervals. In the region of the E (note (11) left for D), then D>0, system state is stable [4] ; in area J, then D<0. The system has three equilibriu m points, two of which are stable and the other one is unstable. The unstable points are not achieved in theory, but in the actual process of slope evolution, it is possible to achieve, so when D<0, the slope may be unstable. The standard to determine the point of instability is to meet:
In the right branch of the bifurcation set (b> 0), then the mathematical structure of the mutant (the number of equilibriu m and stability) is being talked about to have mutations in the system, and z values are not jumping. Across the bifurcation set for a left branch (b <0) in the case, then the corresponding point is unstable, z value ju mps occur. Now determine the corresponding forked branch on the left set of state variables for each point z values. Under the condition of (11) is established, when a = 0, equation (10) has a triple zero root ;When a < 0 there are three real root, they are:
State variable occurs across the bifurcation set jump ( Fig. 2) :
Corresponding to the slope instability before and after the time difference:
The formula can be used to calculate the slope in the critical state (D = 0) and fracture of the time difference on, the and in the critical state duration and that slope failure time. In the second case (D<0， 3a<0), system status bifurcation within the set time to failure is determined by the above method should generally be longer than the actual time to failure. 
III. GREY MUT AT ION T HEORY PREDICT ION
The grey system is about information is incomplete or uncertain system control theory, is proposed by Chinese Professor Deng Julong, grey system theory is used to solve the mathematical method of incomplete information system. In view of the present research situation of the gray system theory, the gray model is only suitable for the data sequence is exponential increasing. And the process of the nonlinear problem is relatively weak. Therefore, it is necessary to develop the grey model (single sequence as an example), and enhance its generalization.
Grey modeling theory is the essence of "generation" through the use of information processing method to weaken the original random sequence (grey sequence) of randomness, the transformation of the original random sequence too easy to modeling the new sequence. The generation of grey sequence is not to seek the statistical law of probability, but to strengthen the utilization rate of useful information in grey sequence. In various generating methods, the accumulated generating (AGO) is the basic and commonly used method. So that as a gray time series, for which AGO sequence:
(18) For k time sequence of grey value, for k AGO time sequence value, can be determined by the type Set: the power series curve in time t is: Type on the extended model for gray, the type of parameter is constant to be determined. According to the mean value theorem, grey extended model can within the scope of the requirements of the error instead of grey model. It can solve the problem of grey model can solve, and itself has the property of grey model no. Intercept the (20) to 5 times, can be represented as:
(21) It is approved by a line operation (integral) and the new sequence value resulting fro m the interception of expression. After reduction of (25) derivative model expression, namely:
(22) The sequence value y is calculated by the reduction model.
To: Find the original time series and the sequence of values of y after reduction model residuals e (k):
The residuals processed data sequence and the original sequence of data values into (2) , and press the second section of the mutation theory and calculation method to determine the stability of slope failure time. Grey theory has its superiority in the data processing, the application of mutation theory analysis of slope evolution has its one' s own knack in nature. Integrate the advantages of both. Prediction method using grey mutation theory. This method not only broadens the application of mutation theory in slope stability evaluation and time prediction, but also improves the accuracy of prediction.
IV. CASE ANALYSIS Baishuihe landslide is in the Three Go rges Reservoir area of the Yangtze River valley wide territory of Zigui County, south to north, the Yangtze River stepped distribution. Landslide is an oversize old loose deposit landslide, development in Zigui syncline west wing, strata occurrence 15°, 36°inclination, for single layer inclined consequent slope (Fig. 3) . Landslide rear elevation 410m, by a geotechnical boundaries; The front elevation of about 70m, has no storage under water; Things to bedrock ridges is bounded on both sides, about 30°, the overall slope landslide in north and south is about 600m long, east-west width is about 700 m, sliding average thickness is about 30 m and volume is about 12.6 million m 3 . Fro m TA BLE 1 ， it can be seen that the displacement data of the landslide is monotonically increasing, so the model of cusp mutation [5] is used to calculate the failure t ime of the prediction. Take the first 6 data to start the calculation, each additional point calculated once. The calculation shows that the correlation coefficient of the equation is above 0.99. It is appropriate to intercept the 6 terms. In June, 2007 and July, 2007, while there has been an unstable state, indicating landslide monitoring points within ZG93 this area at this time of instability for the whole state. Then in August to December of 2007, the area of mon itoring points showed a stable state, which indicates that the slope is moving to the steady state.
For the ZG93 observation point, the landslide displacement data are taken in order to carry out the mutation test, in June, 2007, the judgment value is less than 0, the occurrence of mutation, time interval value 9.8; In July, 2007, the value of judgment is less than 0, and the time interval is 9.38. In August, 2007, the value of judgment is less than 0, and the time interval is 9.44; Taking into account that the more data points to participate in the calculation, the closer landslide mutate, the more reliable the calculated interval values. So, without residual landslide amended mutate time around June 13, 2008. For residual value, followed by taking landslide displacement data mutation testing, corresponding in June 2007, judge value is less than 0, mutation, interval value of 0.1; corresponding in July of 2007, the judging value is less than 0, mutation and time interval is 0.12; in August of 2007, the judging value is less than 0, mutation and interval is 0.2;
After the comprehensive evaluation of the results of the residual correction, the time of the landslide is about June 20, 2008. According to the actual test results, in the night of June 19, 2008, the displacement of the mutation of the region, so the occurrence of the mutation [6] of the more accurate time prediction.
V. CONCLUSIONS This method can be used in displacement observation sequence which is the certain trend of the mutation theory [7] to predict and can also be used in displacement observation sequence is random oscillations of the grey mutation prediction theory, giving the corresponding slope stability criterion and the failure time and mutation displacement prediction formula. By checking Baishuihe landslide analysis shows that the prediction method is effective [8] .
The characteristics of the mutation theory [9] forecast method is: (1) Landslide is obviously a non-continuous mutation phenomenon, with the mutation theory to describe the landslide phenomena reasonable than describe the phenomenon of continuous mathematical tools for any kind of existing; (2) It reflects the dynamic tracing and forecasting thoughts [10] ; (3) It has a dual function, can do the stability analysis, and forecast the time and displacement; (4) It can reproduce the evolution of slope; (5) Time pred iction may send a few months in advance.
